Apolipoprotein E (protein: apo E; gene: APOE) plays an important role in the multifactorial etiology of both Alzheimers disease (AD) and lipid level concentrations. The polymerase chain reaction (PCR) was used to investigate the APOE gene polymorphism in 446 unrelated Caucasians, among them 23 AD patients, and 100 Afro-Brazilians living in Porto Alegre, Brazil. The frequencies of the APOE*2, APOE*3 and APOE*4 alleles were 0.075, 0.810 and 0.115 in Caucasians and 0.075, 0.700 and 0.225 in Afro-Brazilians, respectively (c 2 = 8.72, P = 0.013). A highly significant association was observed between the APOE*4 allele and AD in this population-based sample. The APOE*4 frequency in AD patients (39%) was about four times higher than in the general Caucasian population (11.5%). The influence of each of the three common APOE alleles on lipid traits was evaluated by the use of the average excess statistic. The E*2 allele is associated with lower levels of triglycerides and of total and non-HDL cholesterol in both men and women. Conversely, the E*4 allele is associated with higher levels of these traits in women only. The effect of APOE alleles was of greater magnitude in women.
Introduction
Apolipoprotein E (protein: apo E; gene: APOE) has a major physiological role in the regulation of overall lipid homeostasis (1) and also plays an important role in neuronal repair (2) . The structural locus of APOE has three common alleles designated E*2, E*3 and E*4, which code for three protein isoforms (E2, E3 and E4). APOE*3 is the most frequent allele in all populations studied to date (3). These isoforms have been shown to influence serum lipid levels (4-7), cardiovascular disease risk (8, 9) as well as the risk for developing Alzheimers disease (AD) (10, 11) , with APOE*2 and APOE*4 most often having opposite effects.
Due to their clinical significance, it is very important to know the distribution of APOE alleles in different populations in order to determine if this polymorphism has a universal effect on lipid levels and on the risk for developing AD or whether this effect is modulated by genetic-environmental interactions.
The aims of the present investigation were to describe APOE allele frequencies and to investigate the effect of this polymorphism on serum lipid levels and AD in a Southern Brazilian population.
Material and Methods

Subjects
Porto Alegre is the capital of Brazils southernmost state; the city was founded in 1752 by 60 white couples from the Azores Islands. At present the Caucasians from Porto Alegre are still mainly of Portuguese descent, but Italians, Spaniards and Germans have also contributed to its gene pool. Blacks constitute approximately 14% of the population. They are descendants of slaves who were brought to Brazil between the fifteenth and eighteenth centuries mainly from Africas West Coast, but also from Angola and Mozambique.
Three independent samples of Caucasian individuals were studied. One hundred subjects were ascertained at the Genetics Department of the Federal University of Rio Grande do Sul where they came for paternity testing, their mean age being 31 ± 11.5 years. These individuals constitute a random sample from the population and were employed to determine the APOE allele frequencies in the population and as controls for the probable Alzheimers disease group. Twentythree patients with a diagnosis of probable Alzheimers disease, according to the NINCDS-ADRDA criteria (12) were recruited at the Neurology Service, Hospital de Clínicas de Porto Alegre. All cases were sporadic and their ages ranged from 61 to 84 years (mean age, 72.3 ± 3.3 years). In order to determine the effect of APOE polymorphism on serum lipids a sample of 343 individuals was collected at the Biochemistry Unit, Hospital de Clínicas de Porto Alegre, to which they went for routine blood determinations (mean age, 57 ± 13.1 years).
The sample of Blacks (N = 100) was ascertained at the Central Laboratory of the Santa Casa de Misericórdia de Porto Alegre, their mean age being 35 ± 15.2 years.
Informed consent was obtained from patients, relatives or their legal tutors in all cases.
Lipid analyses
Total cholesterol, HDL cholesterol and triglycerides were determined enzymatically with commercial kits (Merck ® , Darmstadt, Germany) on a MegaMerck ® autoanalyser from the 343 subjects ascertained at Hospital de Clínicas de Porto Alegre, after a 12-h fast.
To evaluate the effect of APOE genotypes on lipid values, the subjects were classified according to Chamberlain et al. (13) as hypercholesterolemic (total plasma cholesterol >300 mg/dl), normolipidemic (total cholesterol <200 mg/dl and serum triglycerides <182 mg/dl) and hypertriglyceridemic (plasma triglyceride levels >350 mg/dl). Sixty-two individuals were not included in this analysis because they did not meet these criteria, while 25 individuals had both hypercholesterolemia and hypertriglyceridemia and were included in the study.
DNA analyses
DNA was extracted from the blood samples by a salting out procedure (14) . DNA was amplified by the PCR reaction, using the same conditions and oligonucleotide primers as described previously (15) . The amplification products were subsequently digested with HhaI under the conditions recommended by the manufacturer (Life Technologies Inc., Grand Island, NY, USA). Genotypes were determined after electrophoresis on 4% agarose gels containing ethidium bromide, using a 10-bp ladder to score the band sizes.
Statistical analysis
Allele frequencies were estimated by the gene-counting method. A c 2 test for goodness of fit was used to verify whether the observed allele frequencies agreed with those expected under the hypothesis of HardyWeinberg equilibrium. Heterogeneity among groups was tested by the c 2 of Roff and Bentzen for small samples (16) .
Linear regression analysis was used to adjust serum lipid concentrations for the effect of age and sex. Differences for lipids among adjusted means by genotype were evaluated by ANOVA. Equality of variances was tested by the method of Levene; when variances were unequal, the non-parametric Kruskal-Wallis test was employed. Triglyceride levels were log transformed to remove skewness. Analyses were performed using the SPSS/PC software.
The average excess of the three alleles in the population at large at each gender and age-adjusted level was estimated according to the formula
where yik is the mean of the phenotype for individuals with genotype ik, y -is the mean of the phenotype for the population, f ik is the frequency of the ordered genotype ik, and p i is the frequency of allele i (17) .
Results
APOE genotype and allele frequencies in normal individuals and in patients with Alzheimer's disease
To establish a population baseline, APOE allele and genotype frequencies were determined in 100 unrelated Caucasian individuals randomly chosen among those presenting for paternity tests and in the 100 AfroBrazilians investigated (Table 1) . Both samples were in Hardy-Weinberg equilibrium. The most common genotype in Brazilian Caucasians and Blacks was E*3/E*3, followed by E*3/E*4 heterozygotes. The distribution of APOE alleles between the two ethnic groups was significantly heterogeneous (P = 0.013). The relative frequency of the E*4 allele (22.5%) was higher in AfroBrazilians than in Brazilian Caucasians (11.5%; Table 1 ).
Due to the ethnic difference in allele frequencies observed in this population survey, the AD patients, all Caucasians, were compared with the Caucasian sample as controls (Table 1 ). Approximately 60% of the AD patients had at least one E*4 allele. The prevalence of this allele (39%) was four times higher in the AD group than in controls (11.5%). This difference was highly significant (P<0.001).
Lipid association study Table 2 shows the allele and genotype frequencies observed among the 343 individuals investigated for lipid levels. Genotype and allele frequencies from this sample did not differ from those obtained for the random Caucasian sample (Table 1) . Although the difference was not significant, the E*2-containing genotypes were somewhat less frequent in hypercholesterolemics (9.7%) and hypertriglyceridemics (9.5%) than in normolipidemics (17.6%), while APOE*4 carriers were less prevalent in normolipidemics (18%) than in hypercholesterolemics and hypertriglyceridemics (24 and 28%, respectively).
The mean lipid levels adjusted by APOE genotype are given in Table 3 . Since very few subjects had the E*2/E*2 or E*4/E*4 genotype, subjects were regrouped into E*2 carriers (E*2/E*2 and E*2/E*3), E*3/E*3 and E*4 carriers (E*3/E*4 and E*4/E*4). Individuals with the E*2/E*4 genotype (N = 5) could not be assigned to any of the groups and were therefore excluded from this analysis. A significant directional variation was seen among the three groups for triglycer- Although the difference was not statistically significant, the mean levels of total cholesterol and non-HDL cholesterol were also somewhat lower in the E*2 group but were not increased relative to E*3 homozygotes among the E*4 carriers. No specific trend was observed for HDL cholesterol. The estimates of average excess for each of the three common APOE alleles for total cholesterol, non-HDL cholesterol and triglycerides are presented in Figure 1 . The effect of the E*3 allele on lipid levels was negligible because the mean values of subjects carrying this allele was indistinguishable from the population mean. In this sample, the effect of E*2 was to lower total cholesterol, non-HDL cholesterol and triglycerides. This was true for both men and women, although the magnitude of this difference was more pronounced in women. Conversely, E*4 was associated with higher lipid levels, but in women only. The range of effects of the E*4 allele was less than that of the E*2 allele (Figure 1 ).
Discussion
Data on distribution of APOE genotypes are highly heterogeneous in terms of frequency among populations (3, 4, 18) . European populations have been widely studied for APOE polymorphism. One of the most important findings of these investigations is a clear north to south decreasing gradient of the E*4 allele frequency in continental western Europe, with an opposite direction for the E*3 allele. The prevalence of E*4 is above 20% in Finland and Sweden (4, 19) and below 8% in the Iberian Peninsula (20) . No clinal pattern is apparent for E*2 frequencies (21) . The APOE allele prevalences observed in the present study on Southern Brazilian Caucasians are similar to those found for Southern Europeans (19, 20, 22) , as expected if we consider the European origin of our population. Much less information is available for African populations (4, 18, 23, 24) . The cited investigations reported a higher prevalence of E*4 (range 24-30%) and a lower E*3 frequency relative to Caucasians. The Afro-Brazilian sample studied herein had a slightly lower E*4 prevalence probably due to miscegenation (22.5%; Table 1 sults in association studies with unmatched ethnic controls. Strittmatter et al. (10) reported the association of APOE*4 with late onset familial AD. Saunders et al. (26) extended this association to sporadic AD patients detected at autopsy. These data have been confirmed and extended to AD groups in several populations. However, a meta-analysis including 47 case-control investigations concluded that the E*4/AD association in African-Americans and Hispanics requires clarification and should be investigated further (27) . In our admittedly very small sample of Brazilians of European ancestry with AD, this association was highly significant (P<0.001; Table  1 ). These results agree with those observed elsewhere (27) in individuals from this ethnic group.
Several investigations in Europe and in North America have suggested that the risk of death is associated with APOE isoforms. The relative frequency of APOE*4 was decreased and that of APOE*2 was higher in the oldest subjects (octogenarians, nonagenarians and centenarians) compared to normal subjects of a younger age group (28) (29) (30) .
Based on the fact that coronary artery disease builds up in a progressive fashion, representing the principal cause of mortality with aging, Haviland et al. (30) suggested that this finding is consistent with the hypothesis that genetic variation in APOE influences variation in the risk of coronary artery disease. In their sample of octogenarians the relative frequency of APOE*4 was reduced.
Corder et al. (31) quantified the influence of APOE on survival in a population sample of 1077 subjects aged 75 or older. The main results of this investigation were: 1) The mortality of subjects with the APOE*2/ E*3 genotype was half that of subjects who carried the APOE*3/E*3 genotype.
2) The mortality of subjects with the APOE*3/E*4 genotype was twice that of subjects who carried the APOE*3/E*3 genotype. 3) Using Kaplan-Meier plots and Cox regression models which controlled for age and sex, these authors showed that APOE polymorphism did not predict mortality in subjects initially aged 75 through 84 years, but there were significant differences in survival by genotype among subjects aged 85 years or older. 4) The mean survival difference was 1.9 years (4.9 years for the APOE*2/E*3 genotype versus 3.0 years for the APOE*3/E*4 genotype). 5) There were no differences in survival among cognitively impaired subjects aged 85 years or older.
The age of our Alzheimers disease subjects ranged from 61 to 84 years. If a bias were present in terms of age of the Caucasian sample, with a mean age of 31, it would be in the opposite direction favoring the APOE*2 proportion, a fact that was not observed (7.5% among Caucasians and 7.0% among Alzheimers disease patients; Table  1 ). No differences were observed because the differential survival rate described was significant only in subjects 85 or older with good cognition. Therefore, we may conclude that the relatively higher frequency of APOE*4 allele is due to Alzheimers disease, as was observed in the meta-analysis reported by Farrer et al. (27) .
Although APOE allele distributions are heterogeneous, the relation of alleles with plasma cholesterol is found to be similar among populations (4). However, the amplitude of the effect may be modulated by ethnic background and environmental factors (7, 32) . In the present study, associations of APOE genotypes with serum lipids were consistent with the well-identified effects of APOE (33) (34) (35) . Several studies have shown that the effect of E*2 in reducing cholesterol levels is two-to four-fold the increasing effect of E*4 (4, 5, 36) , whereas similar effects of both alleles have also been reported (37, 38) . In Brazilian Caucasians the influence of E*2 was greater than that of E*4. The most plausible reasons for these inconsistencies are differences in statistical treatment, different sampling schemes or differ-ent environmental factors. It is likely that the influence of the APOE gene on serum lipid levels may be modified by other genetic or environmental factors among different populations (7, 32) .
Whereas the APOE effects on serum cholesterol levels are almost constant in most populations, there are controversial results about these effects on triglyceride levels. E*2 has been associated with higher levels (5, 23, 35, (38) (39) (40) and lower levels (6,33) relative to E*3 and E*4. Our study shows higher triglyceride concentrations in E*4 carriers than in E*2 carriers. The E*2 allele has been associated with some degree of impaired clearance of triglyceride-rich chylomicrons and VLDL remnants (41) , while other studies have suggested that patients with type V hyperlipoproteinemia have an overrepresentation of the E*4 allele which may contribute to hypertriglyceridemia (42) . Clearly more data are needed to understand the relationship of APOE and triglyceride levels.
The average excess of the common APOE alleles reported here is in agreement with previous studies (4, 5, 38) . The effect of APOE alleles on lipid levels was more pronounced in women (Figure 1 ). These results suggest that sex-specific hormones act as important regulators on these complex metabolic pathways as discussed by Robitaille et al. (38) and Schaefer et al. (43) . Additional studies on the interaction of hormones, genes and lipids in women are needed to understand how hormones influence the effects of APOE alleles on lipids.
